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(54) SHEET MOLDING COMPOUND AND MOLDING USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a sheet molding compound excellent in recycling 
efficiency and molding strength, low in incinerated residue, therefore high in thermal efficiency 
as cement materials, and easy in waste disposal due to powdery residue, and a molding using 
the same. 

SOLUTION: The sheet molding compound is characterized as follows; the content of an 
organic fiber material is 5-40 mass % In the sheet molding compound obtained by impregnating 
the organic fiber base material with an unsaturated polyester composition containing an 
unsaturated polyester resin, a polymerizable monomer, a low contractible material, a curing 
agent and a thickener, and the content of aluminum hydroxide in the unsaturated polyester 
composition is 25-75 mass %. The molding of the sheet molding compound is obtained by 
pressure-heat molding the compound. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

[Claim(s)] 

[Claim IjContent of an organic fiber base material is made into 5-40 mass % in a ** sheet 
molding compound which makes an unsaturation polyester composition containing unsaturated 
polyester resin, a polymerization nature monomer, a low shrinking material, a hardening agent, a 
thickener, and a bulking agent come to impregnate an organic fiber base material, A sheet 
molding compound, wherein content of aluminium hydroxide in said unsaturation polyester 
composition considers it as 25 to 75 % of the weight. 

[Claim 2]The sheet molding compound according to claim 1 whose organic fiber base material 
is a nonwoven fabric for which fiber length makes a 3-150-mm thing a subject. 
[Claim 3]The sheet molding compound according to claim 1 or 2 which an organic fiber base 
material makes polyester fiber or Vinylon fibers with a subject. 

[Claim 4]The sheet molding compound according to any one of claims 1 to 3 whose mean 
particle diameter of aluminium hydroxide is 3-100 micrometers. 

[Claim 5]Sheet molding compound mold goods which carried out application-of-pressure hot 
forming of the sheet molding compound according to any one of claims 1 to 4. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the sheet molding compound (SMC is called 
hereafter) which is a molding material used for bathroom apparatus, such as an organ bath, a 
washing place pan, and bathroom wall panels, a panel-erection type water tank, a septic tank, 
etc., and the mold goods which fabricated the SMC. 
[0002] 

[Description of the Prior Art]SMC as an additive agent to the unsaturated polyester which the 
vinyl system monomer was made to dilute A low profile additive. It is the molding material 
which impregnates with glass fiber a hardening agent, polymerization inhibitor, a bulking agent, 
a thickener, a model agent, and ** 1 strike that mixed colorant etc. further, makes it a sheet 
shaped, riped and made both sides to cover [ molding material ] and semi-solid-ize with a 
carrier film. Application-of-pressure hot forming of this SMC is laid and carried out to a 
metallic mold, and it is manufactured as SMC mold goods, such as an organ bath, a 
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panel-erection type water tank, and a septic tank. 
[0003] 

[Problem(s) to be Solved by the Invention]The SMC mold goods by which 
application-of-pressure hot forming was carried out as mentioned above are widely used as 
bathroom apparatus, such as an organ bath, a panel-erection type water tank, a septic tank, 
etc. from the point that the flexibility of shape, such as gloss on the outstanding endurance, a 
water resisting property, mechanical strength, or the surface of mold goods, is greatly 
excellent in design nature etc. However, the aforementioned SMC mold goods have a difficulty 
in recycling efficiency or an industrial waste treatment compared with a dicyclopentadiene, a 
thermoplastic resin molded article, etc. 10-50 mass % Namely, to the SMC mold goods, glass 
fiber generally as a reinforcing member when it is contained, therefore heat recollection 
recycling is performed by cement ****** etc.. Compared with other thermoplastic resin 
molded articles, there are problems, like produced heat is low. and heat recovery efficiency is 
bad. or there are many amounts of discarding treatment after burning, in order that glass fiber 
may remain. 

[0004]moreover — since material recycle contains glass fiber, the separation is difficult, and 
the actual condition is impossible for it, and it reclaims land — not processing — the actual 
condition is not obtaining but becoming an environmental problem. Since high-density glass 
fiber is included, the SMC mold goods have high specific gravity compared with 
dicyclopentadiene resin or thermoplastics, and are inferior also to workability in the weight 
saving of a product difficultly. Since it is such, the SMC mold goods are replacing the use with 
dicyclopentadiene resin and thermoplastics which are a septic tank, a panel sectional water 
tank, an exterior member for cars, etc., and do not contain glass fiber. 

[0005]An object of this invention is to provide SMC and the SMC mold goods which were made 
in view of this technical problem, and are excellent in recycling efficiency, and are excellent in 
the intensity of mold goods. 
[0006] 

[Means for Solving the Problem]This invention relates to the following. 

(1) Unsaturated polyester resin, a polymerization nature monomer, a low shrinking material, a 
hardening agent. Content of an organic fiber base material is made into 5-40 mass % in a ** 
sheet molding compound which makes an unsaturation polyester composition containing a 
thickener and a bulking agent come to impregnate an organic fiber base material, A sheet 
molding compound, wherein content of aluminium hydroxide in said unsaturation polyester 
composition considers it as 25 to 75 % of the weight. 

(2) A sheet molding compound given in (1) whose an organic fiber base material is a nonwoven 
fabric for which fiber length makes a 3-150-mm thing a subject. 

(3) A sheet molding compound given in (1) to which an organic fiber base material carries out 
polyester fiber or Vinylon fibers with a subject, or (2). 

(4) A sheet molding compound given in either of (1) - (3) whose mean particle diameter of 
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aluminium hydroxide is 3-100 micrometers. 

(5) (1) Sheet molding compound mold goods which carried out application-of-pressure hot 

forming of the sheet molding compound of a statement to either of - (4). 

[0007] 

[Embodiment of the Invention]The sheet molding compound (SMC) in this invention is a charge 
of a fiber reinforced forming material which blends unsaturated polyester resin, a 
polymerization nature monomer, a low profile additive, a hardening agent, a thickener, and fiber 
reinforcement, and is formed in a sheet shaped. 

[0008]Unsaturated polyester resin in this invention is obtained by making the polybasic acid 
component and polyhydric alcohol which contain alpha and beta-unsaturation polybasic acid or 
its anhydride as an essential ingredient react. In this invention, as alpha which is the synthetic 
powder of unsaturated polyester resin, beta-unsaturation polybasic acid, or its anhydride, For 
example, alpha and beta-unsaturated dibasic acid or its anhydride, for example, maleic acid, 
fumaric acid, itaconic acid, citraconic acid, maleic anhydrides, these anhydrides, etc. are 
mentioned. Two or more sorts of these may be used together. In order to give the 
characteristics, such as adjusting the concentration of an unsaturation group, flexibility, and 
heat resistance, as a polybasic acid component, it is preferred to use together saturated 
polybasic acid or its anhydride besides alpha and beta-unsaturation polybasic acid or its 
anhydride. At this time, it is preferred as alpha and beta-unsaturation polybasic acid or its 
anhydride to use more than 40 mol % among polybasic acid components. The tendency for the 
intensity of the mold goods which will be obtained if alpha and beta-unsaturation polybasic acid 
or its anhydride becomes less than 40-mol % to fall gradually is shown. From this, it is more 
preferred that alpha and beta-unsaturation polybasic acid or its anhydride is 45-80-mol %, and 
it is preferred that it is [ 50-70 mol ] especially %. 

[0009]As the saturated polybasic acid used together or its anhydride, Phthalic acid, phthalic 
anhydride, isophthalic acid, terephthalic acid, tetrahydrophtal acid, Tetrahydro phthalic 
anhydride. 3,6- and methylene tetrahydro phthalic anhydride, Hexahydrophthalic acid, 
hexahydro phthalic anhydride, glutaric acid, adipic acid, sebacic acid, trimellitic acid, trimellitic 
anhydride, pyromellitic acid, dimer acid, amber acid, azelaic acid, a rosin maleic acid addition, 
etc. are mentioned. These may use two or more sorts together. 

[0010]As polyhydric alcohol which is another synthetic powder of unsaturated polyester resin. 
Ethylene glycol, a diethylene glycol, propylene glycol, Dipropylene glycol. 1 .3-butanediol, 
1,6-hexanediol, Tetravalent alcohol, such as trihydric alcohol, such as dihydric alcohol, such as 
neopentyl glycol, 1.4-cyclohexanediol, and hydrogenation bisphenol A, glycerin, and 
trimethylolpropane, and pentaerythritol. etc. are mentioned. These may use two or more sorts 
together. 

[001 1]A polybasic acid component and polyhydric alcohol are equivalent ratio, when setting a 
polybasic acid component to 1, it is preferred to use polyhydric alcohol in 1-1.3, and it is more 
preferred to use it in 1.03-1.05. It is in the tendency for the molecular weight of the 
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unsaturated polyester resin obtained to become small if polyhydric alcohol decreases, and 
when it increases, there is a tendency for acid value to become small and for advance of 
thickening by a thickener to become slow. 

[0012]As a manufacturing method of unsaturated polyester resin, it can be based on a publicly 
known method from the former. For example, the condensation reaction of a polybasic acid 
component and the polyhydric alcohol component is carried out, and it is advanced, removing 
the condensed water produced when both ingredients react out of a system. Removing 
condensed water out of a system is performed by the natural distillate or decompression 
distillate by leading inert gas preferably. Since the distillate of condensed water is promoted, it 
can also add in a system by using solvents, such as toluene and xylene, as an azeotropy 
ingredient. Advance of a reaction can be known by measurement etc. of measurement of the 
distillate daily dose generally generated by a reaction, a fixed quantity of the functional group 
of an end. and the viscosity of the system of reaction. As for the temperature of a reaction, it 
is preferred to consider it as not less than 150 **, and it is preferred to make it react, aerating 
inert gas. such as nitrogen and carbon dioxide, in order to prevent the side reaction by 
oxidation. As a reaction apparatus, things, such as glass and a product made from stainless 
steel, are chosen from this. It is preferred to use the reaction apparatus provided with the 
blowing-in device etc. of inert gas, such as a fraction device for preventing the distillate of the 
alcohol component by the azeotropy of an agitating device, water, and an alcohol component, 
heating apparatus which raises the temperature of the system of reaction, a temperature 
controller of this heating apparatus, and nitrogen. 

[0013]As for the number average molecular weight of unsaturated polyester, it is preferred 
that it is 2500-4500. If a molecular weight is lower than 2500. even if it will add a proper 
quantity of thickeners, when thickening does not go up but it is considered as a resin 
composition, the problem of workability getting worse softly occurs. When the molecular weight 
was larger than 4500 and viscosity woke up and fabricates the poor wet of glass fiber highly, 
surface glossiness falls. 

[0014]As a polymerization nature monomer used for this invention, for example Styrene. 
KURORU styrene, Styrene derivatives, such as divinylbenzene, tertiarybutyl styrene, and 
styrene bromide. The alkyi ester of methacrylic acid, such as methyl methacrylate. ethyl 
methacrylate, ethyl acrylate. and butyl acrylate, or acrylic acid. The hydroxy alkyI ester of 
methacrylic acid, such as beta-hydroxyethyl methacrylate and beta-hydroxyethyl acrylate, or 
acrylic acid, diallyl phthalate, acrylamide. phenylmaleimide, etc. are raised. The ester species of 
the methacrylic acid of many organic functions, such as ethylene glycol dimethacrylate, 
neopentyl glycol dimethacrylate. and TORIMECHIRU propane trimethacrylate, or acrylic acid 
can also be used. 

[001 5]Unsaturated polyester resin and a polymerization nature monomer are blended, 
polymerization inhibitor etc. are added as occasion demands, and it is considered as an 
unsaturated polyester resin composition. As for the blending ratio of unsaturated polyester 
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resin at this time, and a polymerization nature monomer, when making both total quantity into 
100 weight sections, it is preferred that 25 to 80 weight section and a polymerization nature 
monomer consider it as 75 to 20 weight section in unsaturated polyester resin. The viscosity of 
an unsaturated polyester resin composition is too low in their being less than 25 weight 
sections, and it is hard to apply to a sheet shaped. Even if it fabricates the charge of a fiber 
reinforced forming material obtained further, the rate of cure shrinkage may be large, and it 
may be divided [ it becomes difficult to mix to an ingredient and homogeneity besides for 
sedimentation etc., and ] into mold goods, and a crack etc. may arise. If unsaturated polyester 
resin exceeds 80 weight sections, viscosity will be too high, and it will apply, or will become 
difficult to mix with other ingredients. It is more preferred that 40 to 65 weight section and a 
polymerization nature monomer consider it as 60 to 35 weight section from this in unsaturated 
polyester resin. As polymerization inhibitor, p-benzoquinone. a naphthoquinone, torr quinone, 
hydroquinone. mono-t-butylhydroquinone, dibutylhydroxytoluene, etc. are mentioned. As for 
polymerization inhibitor, it is preferred to be used at 0.5 or less % of the weight to the total 
amount of said unsaturated polyester resin and a polymerization nature monomer. When a 
hardening agent is blended, it is preferred to make it contain 0.05% of the weight or more 
because of storage stability. 

[0016]As a low profile additive used by this invention, thermoplastics, such as poly methyl 
methacrylate, polystyrene, a polycaprolactone, polyvinyl acetate, polyethylene, and butadiene 
rubber, is used. The amount used is determined in consideration of contraction of mold goods, 
surface smoothness, and surface gloss, and there is no restriction in particular. As for a low 
profile additive, it is preferred to be used in 20 to 50% of the weight of the range to the total 
amount of said unsaturated polyester resin and a polymerization nature monomer. 
[0017]As a hardening agent used by this invention, ketone peroxides and peroxi dicarbonate. 
Hydroperoxide, diacyl peroxide, peroxy ketals. dialkyi peroxide, peroxy ester species, alkyi 
perester, etc. are mentioned. Since it has influence on fields, such as the preservability of not 
only a molding cycle but material, and color unevenness. the quantity of a hardening agent is 
determined according to each. From the preservability of material, and the field of a molding 
cycle. 0.5 to 5 % of the weight is preferred to the total amount of said unsaturated polyester 
resin and a polymerization nature monomer, and it is 1 to 3 % of the weight more preferably. 
[0018]As a thickener, although magnesium oxide, magnesium hydroxide, potassium oxide, a 
potassium hydrate, etc. are used, generally magnesium oxide is used. Although the quantity of 
a thickener is determined according to the workability of a molding material, its 0.5 to 5 % of the 
weight is preferred to the total amount of said unsaturated polyester resin and a 
polymerization nature monomer, and it is 0.7 to 2 % of the weight more preferably. If there are 
too few thickeners, the viscosity of a resin composition may not rise. When there are too many 
thickeners, there is a case where viscosity rises too much and it becomes impossible to 
control. 

[0019]Aluminium hydroxide is used as an inorganic filler. The mean particle diameter has 
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[ 3-100 micrometers ] preferred mean particle diameter. The content in said unsaturation 
polyester composition is 25 to 75 % of the weight, and, as for the amount used, 30 to 70 % of 
the weight is more preferred. It becomes difficult to do so the effect of this invention that the 
impregnating ability to a fiber base material, the workability at the time of shaping, cast 
appearance properties, the weight saving characteristic, etc. will fall if there is too much 
aluminium hydroxide, and if too small, the workability at the time of shaping and cast intensity 
will fall. 

[0020]The inorganic filler except said, a release agent, stabilizer, colorant, etc. may blend with 
the aforementioned unsaturated polyester resin composition further suitably. 
[0021 ]As an inorganic filler except said, silica sand, calcium carbonate, talc, clay, etc. are 
mentioned. It is preferred that it is 100 to 200 mass part as a total amount of an inorganic filler 
to mixture 100 mass part with unsaturated polyester resin, a polymerization nature monomer, 
and a low profile additive. 

[0022]Zinc stearate, calcium stearate, etc. are used as a release agent. As for the quantity of 
a release agent, 1 to 10 % of the weight is preferred to the total amount of said unsaturated 
polyester resin and a polymerization nature monomer, and it is 2 to 4 % of the weight more 
preferably. If there is too little quantity of a release agent, in less than one weight section, mold 
goods are attached to a mold, and it is hard to unmold, and a crack etc. may go into mold goods. 
When there are too many release agents, it is in the tendency for mold-goods intensity to fall. 
[0023]Organic textiles are used as a fiber reinforcing material. 2-40 mass % is preferred for 
the content in SMC of these organic textiles. In less than 2 mass %, the reinforcing effect is not 
enough and it is because the intensity of the obtained SMC mold goods runs short. When 40 
mass is exceeded, it is for the impregnating ability to an unsaturated polyester resin 
composition falling, and intensity also falling, while the defect of a textiles eye, a blister, a crack, 
a pinhole, etc. occurs in mold goods and spoiling product appearance. Although a nonwoven 
fabric, crossing, or a chopped staple fiber can be used for the gestalt of the organic textiles to 
be used, at the time of shaping of SMC (at the time of manufacture of mold goods), the mobility 
of a nonwoven fabric of resin is better than crossing, and the uniform dispersibility of textiles 
and its resin impregnation nature are better than a chopped staple fiber. 3-150 mm is preferred 
for the merit of the organic textiles which constitute an organic fiber base material. Fiber 
length's reinforcing effect of less than 3 mm is insufficient, when the intensity of mold goods 
runs short and it exceeds 150 mm, the mobility of resin at the time of shaping is bad, formed 
product appearance is spoiled, and a rib and the restoration nature of BOSUHE are also bad, 
and it is because the use of mold goods and shape are restricted. As the above-mentioned 
organic textiles, although polyester fiber, a cellulose fiber, a nylon fiber, an aramid fiber, etc. 
can be used, polyester fiber is preferred from excelling in adhesion with unsaturated polyester 
resin. 

[0024]SMC can manufacture by the usual method using the usual SMC manufacturing 
installation. For example, said unsaturated polyester resin composition is applied so that it may 
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become thickness uniform to the carrier film arranged up and down, It inserts and ranks 
second to the unsaturated polyester resin composition of the carrier film arranged at the 
upper and lower sides which described above the fiber reinforcing material (textile fabrics or 
nonwoven fabric) of the predetermined size which winds and began to be rolled from a broth 
device, After letting the whole pass between impregnation rolls, applying a pressure and 
impregnating an unsaturated polyester resin composition with a fiber reinforcing material, it 
rolls round to rolled form or folds into a winding path. When using a single fiber as a fiber 
reinforcing agent, an unsaturated polyester resin composition is applied to a carrier film, and, 
subsequently to an it top, there is also the method of sprinkling a single fiber. Then, aging etc. 
are performed if needed. When a thickener is blended, it is preferred to heat and ripe to room 
temperature -60 ** temperature. A polyethylene film, a polypropylene film, etc. can be used as 
a mold releasing film. 

[0025]As for the viscosity of SMC. it is preferred to be adjusted so that it may become 1 ,000 - 
18.000 Pa-s in 40 **. If viscosity is too low, it will be easy to generate scumming on the 
mold-goods surface, and when viscosity is too high, the tendency for mold clamp time to 
become long and for a molding cycle to become long is shown. As for the viscosity of the 
charge of a fiber reinforced forming material, it is more preferred to be adjusted so that it may 
become 1,500 Pa-s - 15,000 Pa-s in 40 **. and it is preferred to especially be adjusted so that 
it may become 3,500 - 12,000 Pa-s. However, the optimal viscosity of the charge of a fiber 
reinforced forming material is determined by mold goods. The viscosity of the charge of a fiber 
reinforced forming material can be adjusted with loadings and the aging conditions of a 
thickener. 

[0026]SMC is fabricated by compression molding, transfer molding, etc. and can get a wide 
range FRP molded article. It is preferred that molding temperature is 70-150 **, and 
compacting pressure is 0.1 - lOMPa. 

[0027]If SMC which produced as mentioned above is used, when shocked at the time of 
conveyance, etc., it becomes difficult to generate a crack, and the characteristic excellent in 
large sized containers, such as a panel-erection type water tank and a septic tank, large-sized 
mold goods, etc. can be given. 
[0028] 

[Example]As unsaturated polyester resin diluted with styrene below. Polystyrene (DENKA 
styrol. DENKI KAGAKU KOGYO K.K. trade name) was used as poly SETSUTO PS-9415 (the 
styrene solution of unsaturated-polyester-resin 40 mass %, the Hitachi Chemical Co., Ltd. 
make, trade name), and a low profile additive. 

[0029]polystyrene 20 mass part (styrene 60 mass part %) dissolved in 

unsaturated-polyester-resin 80 mass part (styrene 60 mass part %) and styrene which were 
dissolved in one to Examples 1-8 and comparative example 4 (production of SMC) styrene — 
and, As opposed to mixture 100 mass part of the unsaturated polyester diluted with styrene of 
this polymerization nature monomer, and the polystyrene which dissolved with styrene. 
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T-butyl peroxybenzoate 1 mass part of a hardening agent, paraben ZOKINON 0.05 mass part 
of polymerization inhibitor, Zinc stearate 4 mass part of a release agent, magnesium oxide 0.8 
mass part of a thickener, and the aluminium hydroxide shown in Tables 1-3 as an inorganic 
bulking agent were blended with the loadings (rate over the unsaturated polyester resin 
composition obtained) shown in Tables 1-3. As shown in Tables 1-3, polyester fiber 
(polyethylene terephthalate fiber) was impregnated with the unsaturated polyester resin 
composition produced by blending in this way in predetermined content (comparatively in SMC 
obtained), and SMC was produced. 

[0030]Application-of-pressure hot forming of the plate of a 220-cm angle was carried out 
using SMC obtained by the manufacture above of the cast. The process condition was 
fabricated in the SMC injection weight of 1.5 kg. charge area ^ of 0.05 m (15-cm angle), 
compacting pressure 9MPa. and dwelling time 4 minutes. 

[0031]The fiber base material in the impregnating ability profitable **** SMC sheet of a 
test-method (1) fiber base material was observed removing surface resin with a cutter knife, 
and resin made a visual judgment of the existence of the part of a fiber base material which is 
not impregnated. The case where there was no part of the fiber base material with which resin 
is not impregnated was made into O. and the case where there was the part was evaluated as 

X. 

(2) The case to attach where there was nothing was made into O with the surface glue stock of 
the workability SMC at the time of shaping, and the case where there was stickiness was 
evaluated as x. 

(3) Visual observation of the cast in which the cast was obtained as for the outside view was 
carried out, and the existence of the defect of the restoration degree of SMC, a blister, a nest, 
a pinhole, etc. was investigated. The thing without a defect was made into O and the thing with 
a defect was evaluated as x. 

(4) According to bending strength JIS K 691 1. it measured with the tension tester made from 
Cage Ene Tech. 

(5) Calorific value when 2 time processings of the after-incineration retained material SMC 
mold goods are carried out at 600 ** with a thermogravimetric/differential thermal analysis 
system, and the amount of retained materials after processing were measured. Since a 
retained material was 50 mass % and glass fiber did not exist to glass fiber having been 
contained for the retained material in it by 70 mass % in the SMC mold goods of the 
comparative example 1, the SMC mold goods of Examples 1-5 were perfect fine powder form. 
Since calorific value also had many parts per the weight to be burned, it was high. 

(6) It measured with the hydrometer of the cast specific gravity electronic balance type. 
[0032] 

[Table 1] 
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[0033] 
[Table 2] 
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[Table 3] 
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[0035]In said Examples 1-8 and the comparative examples 1-4, when Vinylon fibers were used 

for the change of polyester fiber, the almost same result was able to be obtained. 

[0036] 

[Effect of the InventionJSMC which replaced with the unsaturated polyester resin composition 
at the conventional glass fiber, and impregnated with organic textiles, and its mold goods. Since 
the glass fiber which cannot be incinerated is not included, it is few, thermal efficiency is high 
also as cement ****** and the incineration retained material of residue is powdered, 
discarding treatment is also easy. In order to replace with glass fiber and to use organic 
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textiles with low specific gravity, decrease in specific gravity of mold goods can be attained, 
and it is useful also to the weight saving of a product, and excels also in the intensity of a cast. 

[Translation done.] 
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